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[Problems to be Solved by the Invention] 

Be able to form optical waveguide and photo nick band^ 

interference mirror or other refractive index distribution of 
inorganic type to which propagation loss is small, is superior 
in the heat resistance, formation method of usefuK metal 
oxide thin film pattern is offered to formation of sxirface 
imaging step and fine metallization pattern at same time in 
semiconductor microfabrication. 

[Means to Solve the Problems] 

On substrate, selectively exposing predetermined domain of 
stepo aforementioned photosensitive layer which forms 
photosensitive layer which includes sublimed organometallic 
complex and silicon polymeric compound , thermal drying 
doing stepo which forms latent image of thin film pattern 
and photosensitive layer where latent image of 
aforementioned thin film pattern was formed,it is a formation 
method of metal oxide thin film pattern which possesses step 
which removes the sublimed organometallic complex of 
unexposed part. 
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Claims 



[Claim(s)] 
[Claim 1] 

On substrate, stepo which forms photosensitive layer which 
includes sublimed organometallic complex and silicon 
polymeric compound 

selectively exposing predetermined domain of 
aforementioned photosensitive layer, thermal drying doing 
stepo which forms latent image of thin film pattern and 
photosensitive layer where latent image of aforementioned 
thin film pattern was formed, pattern formation method of the 
metal oxide thin film which possesses step which removes 
sublimed organometallic complex of unexposed part. 

[Claim 2] 

As for aforementioned sublimed organometallic complex 
formation methodo of metal oxide thin film pattern which is 
statedin Claim 1 which is a acetylacetone complex derivative 

[Claim 3] 

compositiono for metal oxide thin film pattern formation 
which contains sublimed organometallic complex and silicon 
polymeric compound 

[Claim 4] 
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Specification 
[0001] 



[0002] 

[«£*(7)ft^B] 



On substrate, stepo which forms photosensitive layer which 
includes the sublimed organometallic complex 

selectively exposing predetermined domain of 
aforementioned photosensitive layer, step© which forms 
latent image of thin film pattern 

thermal drying doing photosensitive layer where latent image 
of aforementioned thin film pattern was formed, step© and 
description above which remove sublimed organometallic 
complex of unexposed part formation method© of metal fine 
pattern which possesses step whichprecipitates metal to 
exposed part of photosensitive layer after thermal drying 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention relates to formation method of metal oxide thin 
film pattern, especially, optical fiber^ optical waveguide^ 
semiconductor laser (LD ),photodiode (PD ) or in lens or 
other optical element such as optical waveguide ^ or photo 
nick band> interference mirror which optical coupling is 
done, is used for this the formation method* of metal oxide 
thin film pattern which can be applied to fine and periodic 
refractive index distribution pattemand surface imaging 
method which is used for fine metal pattern formation and 
semiconductor microfabrication and composition which 
regards. 

[0002] 

[Prior Art] 

Optical *electricity mixed loading multichip module etc 
which is directed to the conventional high speed broadband 
communication system and development of optical waveguide 
of surface mounting type which designates theapplication to 
optical yne tar connection technology as objective is done in 
the aggressive. 

As for such optical waveguide, wire length from metallization 
inside chip below the several millimeters metallization* 
inside module of several centimeter extent furthermore to the 
optical circuitry inside board of several 10 centimeter extent, 
broad application is expected. 

This kind of optical circuitry is difficult to receive influence 
of electromagnetic noise, in addition generated amount of 
electromagnetic noise is very small. 

Furthermore, greatly can be controled decrease of processing 
speed with such as signal delay such as, in future importance 
furthermore increases, it isexpected . 
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[0003] 

(7). C(Dii^lCli3Xh(Dj^5r*PpiaA<fe^>o 



[0004] 



^^OWil^y^mzlt. CVD Xg^ RIE 
[0005] 

r'i!iii-r**px:^o-tx;!)^*«)b*irt^§o 



Jpn.Appi.Phys.,33,Ll 181(1994))o 

ft^lw^;^l^<tyit*Lr#Ji^^biKg^»^/^5i 



[0003] 

From organic material until inorganic material various ones 
are examined as optical waveguide of surface mounting type 
an above-mentioned way. 

As for those which use for example acrylic resin or other 
organic polymer being relatively easily molding and 
fabrication possible, nonlinear optics dye etc, fabrication 
process with kind of low temperature which doesnot 
deteriorate does, it has possessed benefit that is possible. 

But, being a place where acrylic resin or other organic 
polymer is inferior to heat resistance, uses the polyimide etc 
as for heat resistance fact that it is not improved to the fully is 
present state. 

In addition, because of infrared absorption which originates in 
carbon-hydrogen bond whichexists generally in many organic 
compound, propagation loss with infrared domain is large. 

Although propagation loss can be decreased in 
carbon-fluorine connection carbon-hydrogen bond 
issubstituted with , in this case there is a problem in pointof 
cost. 

[0004] 

On one hand, optical waveguide of inorganic type which 
designates silicon dioxide as the main component is superior 
in heat resistance, also propagation loss of infrared domain 
such as islow has had characteristic which is superior. 

But, complex lithography step of multiple steps which 
includes CVD step and RIE step etcis needed in 
manufacturing method of optical waveguide of general silicon 
dioxide type. 

[0005] 

Like above from point, simply and fabrication process which 
is produced with relatively low temperature is sought 
inorganic type optical waveguide where optical properties is 
superior with the low cost. 

As such fabrication process, coating fabric doing metal oxide 
sol which controls the reactivity by decorating with for 
example acetylacetone or other organic ligand in substrate, it 
forms photosensitive layer,photodecomposition doing organic 
ligand with pattern exposure , advancing crosslinking of the 
gel of exposed part, unexposed part washing it peels off, 
method whichobtains negative pattern of metal oxide with is 
proposed, (New wool and others, Jpn.Appl.Phys.,33,Ll 181 
(1994)). 

Furthermore, pattern exposure doing poly silane film, after 
permeating, entire surface exposing selectively metal oxide 
sol to exposed part which photooxidation it does, oxidation 
itdoes poly silane, lastly it removes and with washing method 
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7-92695 ^<i>m)o 



[0006] 



mt^izit. mimmcDfumo^mzmmyj 
^p]A^b 45^ mi^tzy5\^izmmt6:mifim^^i 

L A>L?a: A<b . t**C7) CVD XH^ RIE XgH^ 

wi^tjim^mi^^imfSt-rhztm^^izm 

[0007] 

^ ^ T t> ^ (spiE ^ m M s 

2288,580^-588(1 994))o 

^mtmt-\^:iztiz^^x^%it<Dmm 



whichforms metal oxide thin film pattern is disclosed, (Japan 
Unexamined Patent Publication Hei 7-92695 disclosure ). 

As for these method, although metal oxide pattern can be 

formed with therelatively simple step, other than designating 
air layer as the cladding, cladding layer must be produced 
separately. 

In addition hydrocarbon group which is connected to side 
chain of poly silane regarding technique of the latter, 
remaining, there is a possibility propagation loss becoming 
large, because furthermore hydroxy group or other reactive 
group is necessaryin sol, storage stability of sol liquid had 
become problem. 

[0006] 

In addition with method which uses solvent development an 
above-mentionedway, as for such as photo nick band structure 
producing element where the periodic index of refraction 
change is needed in film thickness direction and interference 
mirror quite it isdifficult. 

In case of optical *electricity mixed loading chip or other of 
for example multilayer type, the reflective mirror which was 
formed to angle of 45 deg in order to remove lightto 
perpendicular direction vis-a-vis substrate, vis-a-vis substrate 
is necessary. 

As such reflective mirror, interference mirror which possesses 
periodic refractive index distribution inorder to raise 
reflection efficiency is desirable. 

But, interference mirror is installed in 45 deg vis-a-vis the 
substrate, in desired site of waveguide film 45 deg it is 
necessary to form the microscopic refractive index 
distribution in direction which tilts from film thickness 
direction. 

But, with method and solvent development system which use 
conventional CVD step and the RIE step etc, that kind of 
steric refractive index distribution is formed was very 
difficult . 

[0007] 

Without using solvent development method which uses metal 
porous film whichimpregnates photosensitive organometallic 
compound as method which forms refractive index 
distribution in inorganic substance,is disclosed, 
(SPIEabstracts. 2288,580^588 (1994)). 

With this method, film of photosensitive is formed in porous 
film of the metal oxide which was formed with sol-gel 
method organometallic compound of photoreactivity 
isimpregnated with , this film pattern exposure is done and 
photosensitive organometallic compound of exposed part 
photodecomposition is done. 
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[0008] 

^^^Wm^^m^itt^lZlt 700 deg C ]>J.±tl^ 

y<7mm^mi^^ztt<v^tj:ii^otz. 

[0009] 

isiixit. cvD xa^ RiE x|i*^t;^tliA^ 



(DiLH^mtmmmmm^^^umt^ztit 

[0010] 

ft^«axicfcit^Sffi^^— :;>yx?i'\f>?S 
m^mmWi/^9-><ommiz:nmt6:. ^mM 
itmmm^^^-:ymmizw^f3iLm^:^}im 
mi>ztisf^tt^o 



[0011] 

/^^-:y^Bf&ti>tzti)(Dmf&^^mmt^z 



porous film and chemical bond it does metal compound of 
exposed part which photodecomposition is done, on one hand 
organometallic compound of unexposed part volatilization 
does with theheating or other technique . 

Because of this when post-exposure bake it does, as for 
exposed part metal type which derives in organometallic 
compound becomes state which dope is donein metal oxide 
matrix, can form index of refraction pattern. 

[0008] 

This method is used, refractive index distribution is formed is 
possible in the inorganic substance without solvent 
development doing depending upon . 

But, because as for sol gel solution in order to form sol gel 
film storage stability notto be a fully, densification to do 
metal porous film, thermal processing with high 
temperature,700 deg C or greater is necessary, plastic 
substrate could not be used. 

[0009] 

[Problems to be Solved by the Invention] 

Above-mentioned way, with manufacturing method of 
conventional inorganic type optical waveguide, process 
ofcomplicated and relatively high temperature which include 
CVD step and RIE step isneeded. 

In case of manufacturing method which includes coating 
process it is necessary toproduce cladding layer separately, 
also propagation loss originates in remainsof poly silane side 
chain and is large. 

In addition, because sol liquid it has not possessed sufficient 
storage stability, the process control and quality control being 
troublesome, adding, such as photo nick band and interference 
mirror to form quite it was difficult steric fine refractive index 
distribution of film thickness direction. 

[0010] 

Then be able to form optical waveguide and photo nick band^ 
interferencemirror or other refractive index distribution of 
inorganic type to which as for this invention, propagation loss 
issmall, is superior in heat resistance, method which can form 
usefuU metal oxide thin film pattern simply in formation of 
surface imaging step and fine metallization pattern at 
sametime in semiconductor microfabrication is offered makes 
objective. 

[0011] 

In addition this invention offers composition in order to form 
metal oxide thin film pattern anabove-mentioned way makes 
objective. 
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[0012] 



[0013] 



[0014] 

*5g?3(7)/\'^~>}^js:&)iizfciNr. m^±iz 
Mj&^iitzm^Mom^omm^m^mizm 
%tit. m^^omtftm^izt^^ti^^m 
^^Wi^mmmttft^mjiiiiz^^jmm^^ 



^mit^m^mmm^^mLx^^mjkm^ 



Furthermore as for this invention, method which can form 
fine metallization pattern in semiconductor microfabrication 
simply is offered makes objective. 

[0012] 

[Means to Solve the Problems] 

In order to solve above-mentioned problem, this invention, on 
substrate,predetermined domain of step© aforementioned 
photosensitive layer which forms photosensitive layer which 
includes sublimed organometalHc complex and silicon 
polymeric compound selectively exposing, the thermal drying 
doing stepo which forms latent image of thin film pattern 
and photosensitive layer where latent image of 
aforementioned thin film pattern was formed, pattern 
formation method of metal oxide thin film which possesses 
step which removes the sublimed organometalHc complex of 
unexposed part is offered. 

[0013] 

In addition this invention offers composition for metal oxide 
thin film pattern formation which contains sublimed 
organometalHc complex and silicon polymeric compound . 

Furthermore this invention, on substrate, predetermined 

domain of step© aforementioned photosensitive layer which 
forms photosensitive layer which includes sublimed 
organometalHc complex selectively exposing, thermal drying 
doing photosensitive layer where latent image of the step© 
aforementioned thin film pattern which forms latent image of 
thin film pattern wasformed, stepo and description above 
which remove sublimed organometalHc complex of the 
unexposed part formation method of metal fine pattern which 
possesses step whichprecipitates metal to exposed part of 
photosensitive layer after thermal drying isoffered. 

[0014] 

Below, this invention is explained in detail. 

Regarding to pattern formation method of this invention, 
when selectively it exposes the predetermined domain of 
photosensitive layer which was formed on substrate, sublimed 
organometalHc complex which iscontained in photosensitive 
layer of exposed part loses sublimed with 
photodecomposition etc. 

Passing by hydrolysis or other reaction simultaneously, it 
connects sublimed organometalHc complex with silicon 
polymeric compound of matrix, latent image is formed to 
photosensitive layer. 

After that when photosensitive layer thermal dryings 
preferably vacuum heating and drying is done, sublimed 
organometalHc complex sublimation doingregarding 
unexposed part of photosensitive layer, it is removed fi"om 
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[0015] 
[0016] 
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[0017] 
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matrix whichconsists of silicon polymeric compound. 

On one hand, with exposed part of photosensitive layer as for 
sublimed organometallic complex because itdisassembles, 
heating, sublimation it does not do, center metal is the oxide 
or other morphological form and it remains. 

As a result, as for exposed part of photosensitive layer, silicon 
polymeric compound becomes state which doping is done 
with center metal element of sublimed organometallic 
complex, with unexposed part as for this kind of state does 
not occur. 

In this way, with exposed part and unexposed part of 
photosensitive layer, pattern of metal oxide thin film 
whoseapplication to optical waveguide pattern etc of 
refractive index distribution type is possible can be formed. 

In this case, as for matrix which sublimed organometallic 
complex disperses because it isa minute dense resin layer 
which is not a porous, machining accuracy is good, also the 
microscopic pattern becomes formable. 

[0015] 

Regarding formation method of metal oxide thin film pattern 
of this invention, first, photosensitive layer whichcontains 
sublimed organometallic complex and silicon polymeric 
compound is formed on substrate. 

substrate with flat surface and is good with curved surface 
shape, either material is not limited what etc. 

substrate of option where metal oxide thin film pattern can be 
formed on that such as for example silicon substrate and 
quartz substrate can be used. 

[0016] 

It can form photosensitive layer which contains sublimed 
organometallic complex and silicon polymeric 
compound ,making use of composition for metal oxide thin 
film pattern formation of for example this invention. 

Here, you explain concerning composition for pattern 
formation of this invention. 

[0017] 

As sublimed organometallic complex which can be combined 
in composition of this invention,especially it is not limited 
concerning structure of ligand and the types of center metal. 
Under ambient temperature or vacuum, from 50 deg C those 
which sublimation aredone are desirable with heating 
temperature of 200 deg Cextent. 

Furthermore in in air those which decomposition reaction 
does not advancesimultaneousiy U, in sublimation 
temperature in stability are good. 
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[0018] 



A1(AA)3 . Be(AA)2 . Ca{AA)2 . Cd(AA)2 . 
Co(AA)3 . Cr(AA)3 . Cu(AA)2 . Eu(AA)3 . 
Fe(AA)3 . Ga(AA)3 . In(AA)3 . La(AA)3 . 
Mg(AA)2 . Mn(AA)2 . Pb(AA)2 . Pt(AA)2 . 
Rh(AA)3 s Ru(AA)3 . Sc(AA)3 . Th(AA)4 
U02(AA)2 .Zn(AA)2 . fccfcl/ Zr(AA)4 ^X*& 



[0019] 

±iiLfciii*(7)^*:A^T'ts AI(AA)3 .In(AA)3 . 
La{AA)3 . Mg(AA)2 . Th(AA)4 . iS ^ iS 

Zr(AA)4 I*.#ll14lcgttrl^*^*^b^#^::» 



[0020] 



[0021] 



[0018] 

Concretely, for example acetylacetone complex or other;be 
-diketone complex be able to list type as sublimed 
organometallic complex„because kind of complex which is 
shown below has had appropriate sublimed it is used 
satisfactorily. 

Al(AA)<sub>3 , Be (AA ) <sub>2 . Ca(AA)<sub>2 . 

Cd(AA)<sub>2 . Co (AA ) <sub>3 s Cr(AA) 
<sub>3 . Cu(AA)<sub>2 . Eu (AA ) <sub>3 . Fe 
(AA)<sub>3 . Ga(AA)<sub>3 . In(AA)<sub>3 .La 
(AA)<sub>3 . Mg(AA)<sub>2 . Mn (AA ) <sub>2 . 
Pb(AA)<sub>2 . Pt(AA)<sub>2 . Rh (AA ) <sub>3 . 
Ru(AA)<sub>3 . Sc (AA ) <sub>3 . Th (AA ) <sub>4 ^ 
UO2 (AA ) <sub>2 . Zn (AA ) is <sub>2 . andZr(AA ) 
<sub>4 etc. 

Furthermore, AA has shown acetylacetonate ligand. 
[0019] 

As for these acetylacetonate complex, trifluoropropyl group 
may be introduced in place of terminal methyl basis. 

Even in complex which description above is done, Al 
(AA)<sub>3 . In(AA)<sub>3 . La (AA ) <sub>3. Mg 
(AA)<sub>2 , Th (AA ) <sub>4 . and Zr (AA ) <sub>4 
especially is desirable from point which is superior in 

sublimed. 

[0020] 

Selecting appropriately according to combination and 
application etcwith silicon polymeric compound, you can use 
sublimed organometallic complex. 

When this invention is applied to pattern, for example 
optical waveguide of high contrast, refractive index difference 
with of exposed part and unexposed part is enlarged, it is 
desired . 

For that, metal type being alone as metal type of sublimed 
organometallic complex, thecase where metal oxide was 
formed difference of index of refraction and index of 
refraction of silicon oxide, be as large as possible is 
something, it is desirable. 

[0021] 

content of sublimed organometallic complex in in 
composition for pattern formation of this invention especially 
is not limited. When content is too low, with exposed part and 
unexposed part in photosensitive layer after exposing 
sufficient refractive index difference is not acquired. 

On one hand, when content is many, sublimed organometallic 
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xi^^ztt^m^h^o 

[0022] 
[0023] 

mmttzit^m'T-fmmm^^it^mtLx 

mlt^lzm^^hUl^t^. 500-5,000,000 T'fc 
^)Ci:A^»*L<v 10,000-1,000,000 Trfe^Zi: 

500 *5S(DJi^(c(±,jSM14A<^fe5)^-e?5:<.* 



5,000,000 ^m^^t. m^ti>^^sizmu 



complex and silicon polymeric compound doing phase 
separation, there is a possibility of becoming nonuniform. 

This way when it becomes nonuniform, when it uses for for 
example optical waveguide, the optical property deteriorates 

considerably. 

In addition, when this invention is applied to surface imaging 
method, resolution of the lithography pattern decreases 
extremely. 

Generally, as for content of sublimed organometallic 
complex, it is 1 - 50% vis-a-vis the silicon polymeric 
compound, it is desirable , furthermore it is 5 - 15%, it ismore 
desirable . 

However, when this invention is applied to formation of fine 
metallization pattem,it is not limit. 

adhesion of metal oxide thin film and metallization pattern 
which become metallization substrate israised, because it is 
possible , certain extent phase separation it has done the 
sublimed organometallic complex and silicon polymeric 
compound or other matrix, it is desired . 

For phase separation, content of sublimed organometallic 
complex is designated as 1 - 1000% extent vis-a-vis silicon 
polymeric compound or other matrix component, it is 
desirable , fiirthermore it isa preferably 50-200%. 

[0022] 

You can list for example inorganic or organic silicon 
polymeric compounds silicon cluster etc as silicon polymer 
which can be contained in composition for pattern formation 
of this invention. 

[0023] 

As inorganic or organic silicon polymeric compound, for 
example poly silanes> polysiloxane, and polysilazane etc are 
listed,molecular weight especially is not limited. 500 - 
5,000,000 is, it is desirable , 10,000 - 1,000,000 is, itis more 
desirable . 

In case under 500, film forming behavior not to be a 
satisfactory, in additiondisassembly and there is a possibility 
volatilization of doing. 

On one hand, when it exceeds 5,000,000, when coating fabric 
doing,there is a possibility solubility to solvent deteriorating. 

main chain of poly silanes and polysiloxane in straight chain 
and is good in branched^ ladder condition and dendrimer 
condition. 

However, in order to do sublimation of sublimed 

organometallic complex smoothly, main chain of poly silanes 
is straight chain or dendrimer condition, it is desirable , it 
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mt^hx. ^mj:fi^->t:rMti>zti}<X' 

[0024] 



U->P4^+)->^<!:LTI4.TtB-^ie(l), (II)T? 

fc,i:i;Tis-MS(iii ), (mxmt>t^^m 



[0025] 



canform satisfactory pattern with high contrast in comparison 
with those of network condition. 

In addition, when exposing or when heating oxidation being 
done, the volume blistering does poly silanes. 

Because it means to offset volume shrinkage with 
crosslinking three-dimensional conversion towhich this 
happens simultaneously, strain and crack or other occurrence 
of pattern which originates in volume change being controled, 
can form thesatisfactory pattern. 

[0024] 

Especially, because poly silanes and polysiloxane which 
possess alkoxy group in side chain can make organic group 
which remains in film little, the heat resistance of film it is 
effective in order to improve. 

In addition when this invention is applied to optical 
waveguide, propagation loss isdecreased becomes possible. 

Below-mentioned General Formula (I ), poly silanes^ and 
below-mentioned general formula which possess repeat unit 
which is displayed with (II ) (III ), you canlist polysiloxane 
which possess repeat unit which is displayed with (IV )as poly 
silanes and polysiloxane which possess alkoxy group in side 
chain. 

[0025] 

[Chemical Formula 1] 



(1) 



or' 

OR^ 



(II) 



(±t2-JlSS(i), (II)*. R' R' li.TK* 

. 1-15 (7)H^tUI*l^fig| 

[0026] 



(Above-mentioned General Formula (I ), in (II ), R' and to 
beselected from substituted or unsubstituted alkyl groups 
aryl group X aralkyl group of hydrogen atom ^ or carbon 
number 1-15, being same anddiffering, it is possible to be. ) 

[0026] 

[Chemical Formula 2] 
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-(■Ji-oh (III) 



mji?^. 1-15 (DmmtL<ittm 

e>as?*ti, l5I-■c=tM^foTl^r^,cfel^o) 

[0027] 

So 

[0028] 
[0029] 

So 

$fcli7KUvP^^t>Sl*.iP^lCcfcy si-H IS 

[0030] 
ffll^btiSo 



(Above-mentioned general formula (III ), in (IV ), and R'* 
to beselected from substituted or unsubstituted alkyi groups 
aryl group ^ aralkyl group of hydrogen atom> or carbon 
number 1-15, being same anddiffering, it is possible to be. ) 

Aforementioned Genera! Formula (I ) - in (IV ) you can list 
for example methyl group ^ ethyl group > isopropyl group ^ 
tertiary butyl group ^ isobutyl group ^ n-butyl group > and 
the hexyl group etc as -R"* as unsubstituted alkyl group 
which can be introduced. 

[0027] 

Being introduced by these alkyl group, you can list for 
example trifluoromethyl group X hydroxy group ^ alkoxy 
group ^ carbonyl group ^ cyano group v and nitro group etc 
as substituent which can form substituted alkyl group. 

[0028] 

In addition, you can list for example phenyl group and 
naphthyl group etc as unsubstituted aryl group, you can list 
the for example phenylethyl group and phenylpropyl group 
etc as unsubstituted aralkyl group. 

[0029] 

substituent an above-mentioned way can be introduced in 
such unsubstituted aryl group and aralkyl group . 

In addition, because Si- H connection oxidation being done by 
heatingjCrosslinking it does poly silanes or polysiloxane 
which possesses hydrogen atom as side chain, residual 
amount of organic group can be made little. 

[0030] 

As silicon cluster, it can use for example silsesquioxane or 
other basket polysiloxane etc. 
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-15. 3.000 Sig^Si:. ^^14. •;§jipljt14*< 
[0031] 



h ' J 7 u — KD ck a ''ci: h ' J 3? I — ; U X ; U - -!? A 
iS. -)-y^)i^zi>)i:h>-yr—7.)i^yt^-—h(D 

[0032] 

NBC-l)a)J:-5^C3fe«*fl^aiJIIA^^Ifb*t-5o 



tt.'^'f^lgiS^iF-^b^itaizJ^LT 0.l~5%g 

[0033] 

T, SL^XTVU. i^Kx^^U. PGMEA l|fl>XX 

lcJ;^TS*t±l::'a=*Lr^ll^}^jSL. lib 
*tfc^M$ 60-150 deg C m&X' 0.5-5 
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molecular weight of cluster especially is not limited. 300 - 
3,000 is, it is desirable , 400 - 1 ,000 is, it is moredesirable . 

In case under 300 when film forming behavior not to be a 
satisfactory, sublimation doing sublimed organometallic 
complex, there is a possibility volatilization of doing. 

On one hand, when it exceeds 3,000, there is a possibility 
coating property^ solvent soluble deteriorating. 

[0031] 

Furthermore, ftirthermore photo acid generator and photo base 
generating agent to composition of the this invention, may be 
contained in addition to component which descriptionabove is 
done. 

photo acid generator, with compound which generates acid 
duetothelightingof light, you can list "f" cover Lui SvjU 
salt etc like the triphenyl sulfonium salt^ cover Lui 

camphor sulfonate like for example triphenyl sulfonium 
triflate. 

When photo acid generator is combined, compounded amount 
makes 0.1 - 5% extent vis-a-vis silicon polymeric compound, 
it is desirable . 

[0032] 

In addition, as for photo base generating agent, with 
compound which generates the base due to lighting of light, 
you can list photo base generating agent etc like Midori 
Chemical Co., Ltd. make (tradename NBC-1 ) which 
possesses for example ortho nitrophenyl methyl group. 

When photo base generating agent is combined, compounded 
amount makes 0.1 - 5% extent vis-a-vis silicon polymeric 
compound, it is desirable . 

[0033] 

composition for pattern formation of this invention in silicon 
polymeric compound combines the sublimed organometallic 
complex at predetermined ratio, melting in ethyl lactate^ 
ethylacetate^ PGMEAor other esters^ xylene^ toluene^ 
anisoK tetrahydrofuran^ and methylene chloride or other 
solvent including the according to need photo acid generator 
etc, is used as solution. 

Coating fabric doing this solution on substrate, with such as 
dipping methods spin coating method > doctor blade 
methods or solvent casting method it forms coating, 
removing solvent with 60- 150 deg Cextent, the coating 
which is acquired is heated 0.5 - 5 min extent with , the 
photosensitive layer is formed. 

Decides film thickness of photosensitive layer, appropriately 
according to applied solution concentration^ application 
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[0034] 



[0035] 

[0036] 

tt. m i(a)(z^F-rct5ic. 1 ±izmm^*i 

[0037] 

muzm%m\z%Rj&^^c^ii:x. zotuR 

jt*<^\t±ttj:^x^m^^m^mmi^i^ 
mmzim\iLxmmmm^itzimmti> 



mmzit. m'Fmuii^mtfi^ 4 tLxmi^ 
[^&u^\m\^:^\^izmtitm(Dmmm\i^ 

t^^lzm^(Dm%^-L.(DT7^tj:t*^m^ti> 



condition and application etc to be possible, it can make for 
example O.l-lO ;mu m extent. 

[0034] 

Or sublimed organometallic complex and silicon polymeric 
compound an above-mentioned way co deposition itdoes 
photosensitive layer, it is possible to form on substrate with . 

Regarding to metal oxide thin film pattern formation method 
of this invention, above-mentioned way pattern exposure^ 
which irradiates light to predetermined domain of 
photosensitive layer which was formed on substrate treatment, 
thermal drying next is administered. 

[0035] 

Referring to drawing here, you explain pattern formation 
method of the this invention. 

Figure 1 is step sectional view which displays outline of one 
example of metal oxide thin film pattern formation method of 
this invention. 

[0036] 

First, as shown in Figure 1 (a ), through mask 3 which 
possesses the for example predetermined pattern vis-a-vis 
photosensitive layer 2 which was formed on substrate 1 , 
irradiating exposure light 4, it does pattern exposure. 

Furthermore, without using mask, scan doing directly 
photosensitive layer 2 with such as laser light source, it is 
possible to do pattern exposure. 

[0037] 

If light source which irradiates exposure light 4 photosensitive 
layer 2 is something whichis exposed to light, light source of 
option can be used. 

If you rephrase, as for light 4 which is used for 
exposure,disassembly or modified doing sublimed 
organometallic complex which is contained in the 
photosensitive layer 2, those which it disappears or controls 
sublimed, or. Or silicon polymeric compound or causing 
photoreaction in photosensitizer which is addedseparately, 
this photoreaction becoming trigger, disassembly or modified 
doing sublimed organometallic complex, it should have been 
something which if it disappearsor controls sublimed, or. 

Concretely, you can use electron beam etc as exposure light 4. 

In addition, controlling exposure dose of exposure light 4, it 
provides theinclination of exposure dose in in-plane or film 
thickness direction of photosensitive layer, it ispossible also 
to form optical waveguide of GI type with . 

Furthermore forming interference fringe inside photosensitive 
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ciiCckoT. Site 2 \^izTi^m^mmLx. 



[0038] 

m^lts A1(AA)3 \t 280nm WifilCt'-^'^tO 
?Ri|X^^L.Zr(AA)3 li 300nm 

*f-.Ru(AA)3 Uiz0uimmm\Zl!SLi\SL^^ 

1^<^LT7K'Jv^>^/:<^:(7)^^^3feMil^lc?St^lS 



[0039] 



^J^li. AI(AA)3 ^j:ifcDT-t^;i/T-trh:M-ii 
[0040] 



layer 2 interference etc of theopen light beam of plural is 
utilized with , it is possible toform photo nick band and 
interference mirror. 

[0038] 

If it uses light of absorption wavelength of sublimed 
organometallic complex as exposure light 4 this complex can 
be disassembled directly with exposure. 

for example Al (AA ) <sub>3 shows absorption which has 
peak in 280 nm vicinity, Zr (AA ) <sub>3 in order to show 
absorption which has peak in 300 nm vicinity, irradiating 
ultraviolet light of 300 nm vicinity, does the pattern exposure, 
it can disassemble metal complex of exposed part with . 

In addition, Ru (AA ) when those which possess 
absorptionwhich is strong in poly silane or other ultraviolet 
light domain as for example silicon polymeric compound are 
used, metal complex photodecomposition it does metal 
complex which possesses absorption in <sub>3 or other 
visible light domain, in efficient without inhibition being done 
in absorption of silicon polymeric compound, it is possible . 

In addition in order to promote photodecomposition making 
use of various sensitizer itis good. 

Various sensitizing dye are used, being possible , it can 
designate the compounded amount, as 0. 1 - 5% extent 
vis-a-vis silicon polymeric compound. 

[0039] 

Regarding to pattern formation method of this invention, it is 
not necessary for the sublimed organometallic complex, 
originating in exposiire, if it should have disassembled, 
alwaysabove-mentioned way, to disassemble directly with 
exposure. 

Light is irradiated with , first silicon polymeric compound and 
other photosensitive additive doing, photoreaction 
photoreaction product is caused, this photoreaction 
productreacts with aforementioned sublimed organometallic 
complex and disassembly of complex maybe pulled up. 

for example Al (AA ) <sub>3 or other acetylacetonate 
complex causes ligand exchange reaction with silanol group 
and phenolic hydroxy group or other hydroxy group . 

Then, if this kind of hydroxy group result of photoreaction 
those which it occursare used with exposure as silicon 
polymeric compound and photosensitive additive, hydroxy 
group disassembling sublimed organometallic complex 
satisfactorily, sublimed it can disappear. 

[0040] 

for example poly silanes forms silanol group with 
photooxidation , hydro basis of poly silanes and polysiloxane 
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-vA''J3fh+->v7>. TK'jy^^^ue^^^. fed; 

>SiLT(i. TKUv-fv^^P/K+vvP+Ht^, 
7t-v'Jv^r-v-\'U:^h+vvP+-tl->,7t<'My^ 

vpt^7UvP+-9->.^°'j^-v^'j-:/hJF->va 
[0042] 

[0043] 
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with photoreaction forms silanol group in efficient. 

In addition alkoxy group which similarly is introduced into 
side chain of poly silanes and polysiloxane, under heating or 
acid catalyst or other existing, forms the silanol group. 

In this case, it can use photo acid generator etc an 
above-mentioned way as the acid catalyst etc. 

[0041] 

You can list for example poly diiso professional 
silane^ poly di tertiary Bu ibis silane> poly isopropoxy 
methylsilanCs poly tar plaingauze Lee butoxy methylsilane^ 
poly tar plain gauze rib ibis silane^ poly methylsilane^ and 
polyphenyl silane sublimed of sublimed organometallic 
complex as poly silanes which it can disappear with such 
mechanism, youcan list poly diiso professional V 
siloxanCs poly di tertiary butoxy siloxane^ poly isopropoxy 
methyl siloxane^ poly tar plain gauze Lee butoxy methyl 
siloxane^ poly tar plain gauze Lee butoxy siloxane^ poly 
methyl siloxane^ and polyphenyl siloxane as polysiloxane. 



[0042] 

In addition, you can list of for example photo acid generator 
and blend etc of tertiary butoxy benzene or other phenol 
derivative and isopropoxy diphenylsilane or other silanol 
derivative etc sublimed of sublimed organometallic complex 
as photosensitive additive which disappearswith mechanism 
which description above is done. 

When such photosensitive additive is combined, compounded 
amount makes 1 - 5% extent vis-a-vis silicon polymeric 
compound, it is desired . 

[0043] 

Furthermore, it uses poly silanes and polysiloxane which 
possess tertiary butoxy group in side chain, combining with 
photo acid generator or other latent catalyst it is desirable . 

As for organic group when it remains, there is a possibility of 

increasing propagation loss, but because film contraction and 
crack are prevented, whenproducing thick film etc, organic 
group is effective. 

In case of such, organic group which fluorination is done is 
used, increaseof propagation loss certain extent can be 
controled with . 

When from similar reason, film forming behavior polyimide 
or other organic polymer is added with objective which 
improves, fluorine or polyimide or other fluoride is used, it is 



Page 18 Paterra Instant MT Machine Translation 



JP2000009955A 



2000-1-14 



[0044] 



[0045] 

2b (D^nitw^^M^ 5 1*, mm. 



Tt4'^<i:9(C. Itorr JilT^iltOK^IfeitT-e 



[0046] 

L^li200~500 deg CgfitDiPf^/dTifOfiia^ 



desired . 
[0044] 

pattern exposure an above-mentioned way is administered, 
sublimed organometallic complex modified doing, regarding 
exposed part of photosensitive layer with , latent image 
isformed to photosensitive layer. 

With exposed part of namely, photosensitive layer sublimed 
of sublimed organometallic complex to be decreased, when 
depended, sublimed in exposed part disappears. 

[0045] 

In this way, thermal drying is done vis-a-vis photosensitive 
layer 2 which latent image wasformed as shown in Figure 1 
(b ) with , sublimed organometallic complex 5 of unexposed 
part 2b,sublimation doing, is removed from photosensitive 
layer 2. 

As for thermal drying here, is decided according to properties 
of sublimed organometallic complex is desirable, but it is 
higher than sublimation temperature generally, it isset by 
decomposition temperature or less, 1 min~5 hours extent does 
it is desirable , 5 min~l hour extent itdoes, it is more 
desirable . 

At time of thermal drying, sublimation it does without thermal 
decomposition etcdoing sublimed organometallic complex it 

is necessary . 

Therefore, in order for sublimation temperature to become 
thermal decomposition temperature or less of 
compleXjthermal drying is done under vacuum condition of 1 
torr or less extent, it is most desirable. 

[0046] 

Furthermore, when metal complex which maintains sublimed 
in exposed part 2a of photosensitive layer has remained, it is 
removed this in same way. 

After that, according to need administering entire surface 
exposure or heating or other treatment of 200 - 500 deg 
Cextent which irradiate exposure source and the ultraviolet 
light source etc which are used to photosensitive layer 2 entire 
surface, as shown in Figure 1 (c ), theto inorganic it is 
possible to convert photosensitive layer. 

Now, degradation product of complex becoming fixed 
satisfactorily to matrix which consists of silicon polymeric 
compound, to inorganic converting silicon polymeric 
compound matrix optical property it can improve. 

When poly silanes is used as for example silicon polymeric 
compound matrix, entire surface it exposes and thermal 
drying .inorganic conversion to SiOa similar structure 
advances due to . 
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[0047] 
[0048] 

RiE T.WzM:fvX^Jiv^y<fi'nt6i':>tzm 

[0049] 

tt. m 2(a)lc5^-rct3ic, 1 ±lc|!l(i9iJ)D 

-5^7.^7 3 ^it-Lxm^^ 4 ^ fiil^ L, 
xA^->mift^m'bo 



nmx.Mm_6<D^nimizmmtMr. mm 

Xt°>3— T'T^'^Ji, r-O-^?';^. 

cvD m.is^UT./i-j^'jiy'^'mm^mi^x 

0.1-10^ m SJta)Ji»T'JKJ$-r-SC:i:A<T'^ 

x^v^>>:/:^J^^:Lr^*^pxf|gA<gtlrL^^ 

[0050] 



[0047] 

This step is done, matrix which sublimed organometallic 
complex disperses due to, because it becomes dense resin film 
which is not a porous, machining accuracy to be good 
microscopic pattern becomes formable. 

[0048] 

Like above, pattern formation method of this invention is 
used, other metal element the dope being done in silicon 
oxide thin film by , pattern which becomes canbe formed 
simply. 

Vis-a-vis metal oxide thin film which was formed to patterned 
state when plasma etching wasdone with RIE step , because 
etching resistance differs in metal type which iscontained, you 
can use this pattern as etching mask. 

In this way, etching it does in positive or negative image of 
accordingto pattern, formed suffering processing thin film 
which is providedin bottom layer of pattem, application to 
surface imaging method which it ispossible , is used for 
semiconductor microfabrication is possible. 

[0049] 

step sectional view which displays one example of such 
method in schematic is shownin Figure 2 . 

First, as shown in Figure 2 (a ), thin film which becomes 
contrast of microfabrication on substrate 1 (Suffering 
processing thin film ) sequential it forms photosensitive layer 
2 6, and anabove-mentioned way, through mask 3 which 
possesses predetermined pattem irradiating exposure light 4, 
it does pattem exposure. 

material of suffering processing thin film 6 especially cannot 
belimited, can form with film thickness of 0.1 - 10;mu m 
extent making use of for example spin coating methods dip 
coating methods CVD methods and sputtering method etc. 

Next, doing thermal dryings according to need 
post-treatment, it forms latent image of pattem in 
photosensitive layer 2 onsuffering processing thin film 6. 

After that, as shown in Figure 2 (b ) as etching mask using 
photosensitive layer 2 where this latent image was formed, 
etching it does with plasma 7, withappropriate etching method 
as shown in Figure 2 (c ) with , thesuffering processing thin 
film 6a which microfabrication is done is acquired. 

dry etching method is desirable fi-om point where machining 
accuracy is superior as etching method, furthermore 
anisotropic dry etching method is desirable. 

[0050] 
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^m^mmi^<D)$m^»^ii:^tj:i:LX^m 



[0052] 
[0053] 

\>^T{z:^%mmmmlzm'^l^xMwmz|!^ 



Or, also it is possible to form microscopic metallization 
pattern making use of metal oxide thin film pattern which was 
formed with pattern formation method of this invention. 

When metal type which is contained in photosensitive layer 
Pd^ Pt^ Rh^ or it is a Ru, because it possesses catalysis of 
electroless plating, metallization pattern canbe formed 
following way. 

portion where these metal type are contained in kind of silicon 
oxide thin film whichis shown in namely, aforementioned 
Figure 1 (c ) with site where the metal type is contained it 
soaks by , this metal type becoming catalyst,surface of silicon 
oxide thin film electroless plating is done pattern which 
consists of portion which is not contained, in plating bath. 

In this case, if plating bath is something which electroless 
plating advances withaforementioned metal type , it can use 
those of option. 

On one hand, or very little site where above-mentioned metal 
type is not contained, is not done, electroless plating, can 
form metallization kind o^attem 9 which with this is shown 
in Figure 3. 

This way when metallization pattern is formed, as for silicon 
oxide thin film it is notnecessary always to inorganic to 

convert. 

[0051] 

In addition, when metallization pattern is not fine excessively, 
coating fabric doing mixed solution of silicon polymeric 
compound and sublimed organometallic complex, making use 
ofthose where instead of forming photosensitive layer, it 
forms porous film whichconsists of fine particle of silicon 
polymeric compound, impregnate solution of the sublimed 
organometallic complex in this porous film and such as doing 
adsorb it is good. 

In addition, it is possible also to use metal oxide fine particle, 
as such fine particle. 

[0052] 

When this invention is used, as above expressed, propagation 
loss becomes small,with simply forms fine index of refraction 
pattern or other metal oxide thin film pattern which is superior 
in heat resistance, possible. 

[0053] 

[Embodiment of the Invention] 

this invention is explained concretely below on basis of 
Working Example. 
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m(D\zv^ 250 /im (D 2 'Ammim/^^-y^ 
y 20 X I /i m (Dmmmi^ti> 2 i^mtum^Si 



[0054] 

^^mmLtzo 

-x>f>^*)4 l::J:or^^L. 100 deg CV\^ 
[0055] 

mh*itz^%m\z±'^Ltzyth-77.^^mi^x 



^It^. ®3tlCZ)Sifea5fCfct\Tli. Zr(AA)4 
(cfiHt*^ 300nm #ifi(DlRl|XA<;B^LfcCD^ 

[0056] 

mm^Ji^f&^tltz^tftmit. 150 deg C. 
g:l wW )L. $blC 450 deg C "C 30 ^J^F^ftllSi 

e>=i-hL. 450 deg c -c 30 ^rsiiumti>zt 
izM±^<7'7y\^mii^mLxtitmiRnm=i'i 

[0057] 

^nuz^mimm^iztsi^xit. m%&tm 



;fifi670nmT*(Dei2^M^li. 0.06dB/cm tib^ 
Wajf<*:fil^*L. S^*T* 450 deg C. 5 0#Fb1 
^^l^^^>^^14(clS<!:A/^:^^b*^^^:A^ofcC<^:)!)^ 



Furthermore, example below with those in order to explain 
concretely,is not embodiment of this invention and something 
which limits inventionrange. 

(Working Example 1 ) 

With this working example, two branches optical waveguide 
element which possesses rectangular cross section of 20 X 
1 ;mu m making use of photomask which possesses two 
branches waveguide pattern of the pitch 250 ;mu m of optical 
waveguide width 20 ;mu m^ branch waveguide, with method 
of this invention wasproduced. 

[0054] 

First, it mixed at ratio of 10 wt% vis-a-vis poly diiso 
professional /K^ V siloxane, Zr as sublimed organometallic 
complex (AA ) <sub>4 , as silicon polymeric compound 
melted this blend in toluene and manufactured toluene 
solution. 

On glass substrate coating fabric it did toluene solution which 
it acquires with spin coating method , removing solvent by 1 
min heating with 100 deg C, itproduced photosensitive layer 
of film thickness approximately 1 ;mu m. 

[0055] 

Irradiating ultraviolet light of wavelength 300 nm making use 

of photomask which thedescription above is done to 
photosensitive layer which it acquires, (irradiation dose: 1 
W/cm^ ), itformed latent image. 

After irradiating, regarding exposed part of photosensitive 
layer, Zr (AA ) youverified that absorption of 300 nm vicinity 
which originate in <sub>4 disappears. 

[0056] 

photosensitive layer where latent image was formed did 1 
hour^ vacuum heating and drying with 1 50 deg 1 0'^torr, 

Next, entire surface exposure (irradiation dose: 1 W/cm^ ) it 
did with ultraviolet light of wavelength 300 nm, it formed 
core layer furthermore by 30 min heating with 450 deg C. 

spin coating it did polysilazane solution in upper surface of 
core layer which it acquiresforming upper part cladding layer 
by 30 min heating, with 450 deg C it acquired the optical 
waveguide element. 

[0057] 

refractive index difference of exposed part and unexposed 
part was 3.2% regarding optical waveguide element which it 
produces. 

transport loss with wavelength 670 nm 0.06 dB/cm shows 
satisfactory value relatively, in the air as much as 450 deg 
5 hours heating later for most part from thefact that it is not 
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i&meiOnmVOB^in^lt. 0.07dB/cm<tJt^ 

t^Bimm^TTsL. 450 deg c. 5 mm 



mmm 3) 

#*tt^«^Mm<tLr.Zr(AA)4 (Ditt>^) 
IC^^X^tL. A1(AA)3 .In(AA)3 . La(AA)3 . 
Mg(AA)2 .fccki; Th(AA)4 

mi^(Dmmm i tmmizLx%m^mmTt:f^ 



[0059] 

670nm iS^lS 1.3 ju m IZfclNT. tit 
O.ldB/cm \iJiT<0^m6itH&^^\t^7r:Ltzo 



ttz. ^%^X 450 deg Cs 5 mmtum^^t^^ 
m\t^^LXl^^Ztt<t>t^^tzo 

mu^^i^zttmm^titzo 



^m^^m±mmwtLXsZr(AA)4 ortM 

fC^+Li^tl.In(AA)3 .La(AA)3 . Mg(AA)2 . 
tecfei; Th(AA)4 ^fflt^fc(5A>li. Btiai(D||jSS 



change, has had sufficient heat resistance in characteristic, 
understood. 

Furthermore, it was verified that also difference of thermal 
expansion ratio of the waveguide pattern and substrate is 
small. 

(Working Example 2 ) 

Other than using poly diiso professional silane as 
silicon polymeric compound,optical waveguide was produced 
to similar to aforementioned Working Example 1 . 

[0058] 

refractive index difference of exposed part and imexposed 
part was 3.4% regarding optical waveguide element which it 
produces. 

transport loss with wavelength 670 nm 0.07 dB/cm shows 
satisfactory value relatively, in the air as much as 450 deg 
5 hours heating later for most part from thefact that it is not 
change, has had sufficient heat resistance in characteristic, 
understood. 

Furthermore, it was verified that also difference of thermal 
expansion ratio of the waveguide pattern and substrate is 
small. 

(Working Example 3 ) 

As sublimed organometallic complex, Zr (AA ) <sub>4 
respectively, Al (AA ) <sub>3 , In (AA )<sub>3 . La 
(AA)<sub>3 s Mg(AA)<sub>2 . and Th (AA ) besides 
it uses <sub>4 .optical waveguide element was produced in 
substituting to similar to theaforementioned Working 
Example 1 . 

[0059] 

optical waveguide element which it produces refractive index 
difference with of exposed part and unexposed part was 3% or 
more,transport loss in each case showed satisfactory light 
transport quality of 0. 1 dB/cm or less in wavelength 670 nm 
and 1.3;mu m. 

In addition, in air as much as 450 deg C> 5 hours heating 
later for themost part from fact that it is not change, has had 
sufficient heat resistance in characteristic, understood . 

Furthermore, it was verified that also difference of thermal 
expansion ratio of the waveguide pattern and substrate is 
small. 

(Working Example 4 ) 

As sublimed organometallic complex, Zr (AA ) <sub>4 
respectively, In (AA ) <sub>3 ^ La (AA )<sub>3 . Mg 
(AA)<sub>2 ^ and Th (AA ) besides it uses <sub>4 , 
optical waveguide element was produced in substituting to 

— j wr — c ^ 
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[0060] 

670nni ^^IS 1.3 m ICfclNT . tvti 

0,idB/cm \>kT(DB:itfU%B^n^'^7rsLfzo 



^ m*T* 450 deg C. 5 ^Fp1JP|^^^,4$14 



^m^^m^mmwtLx zkaa)^ ohm 
(zAi(AA)3 ^minz]>m\t.m^(Dmmmit 



[0061] 

670nm tS^U 1.3 //m l::fcl^T. l^-f tit 
O.ldB/cm JJlTCDSff^CiteSli^tt^S^Lfco 



ttzs sa*"e 450 deg c. 5 mmm'^m^ 
min^^i^zttmmtstitzo 



i^mm 6) 

'7^^/<^->mf&LtZo 

[0062] 

#»1t*«{^Mtif*<tLrO) A1(AA)3 ^.^-( 

-~T^>y;i(::ctor^^L. 100 deg C 1 » 
[0063] 



similar to aforementioned Working Example 2. 
[0060] 

optical waveguide element which it produces refractive index 
difference with of exposed part and unexposed part was 3% or 

more,transport loss in each case showed satisfactory light 
transport quality of 0. 1 dB/cm or less in wavelength 670 nm 
and 1.3;mum. 

In addition, in air as much as 450 deg 5 hours heating 
later for themost part from fact that it is not change, has had 
sufficient heat resistance in characteristic, understood . 

Furthermore, it was verified that also difference of thermal 
expansion ratio of the waveguide pattern and substrate is 
small 

(Working Example 5 ) 

As sublimed organometallic complex Zr (AA ) <sub>4 Al 
(AA ) other than using <sub>3 ,optical waveguide element 
was produced in substituting to similar to theaforementioned 
Working Example 1 . 

[0061] 

optical waveguide element which it produces refractive index 
difference with of exposed part and unexposed part was 1% or 
more,transport loss in each case showed satisfactory light 
transport quality of 0.1 dB/cm or less in wavelength 670 nm 
and 1.3;mu m. 

In addition, in air as much as 450 deg 5 hours heating 
later for themost part from fact that it is not change, has had 
sufficient heat resistance in characteristic, understood . 

Furthermore, it was verified that also difference of thermal 
expansion ratio of the waveguide pattern and substrate is 
small. 

(Working Example 6 ) 

Regarding this working example, fine refractive index 
distribution pattern of film thickness direction was formed. 

[0062] 

It mixed at ratio of 10 wt% vis-a-vis poly diiso professional 

siloxane, Al as sublimed organometallic complex 
(A A ) <sub>3 , as silicon polymeric compound meltedthis 
blend in toluene and manufactured toluene solution. 

On glass substrate coating fabric it did toluene solution which 
it acquires with spin coating method , removing solvent by 1 
min extent heating, with 100 deg C itproduced photosensitive 
layer of film thickness approximately 5;mu m. 

[0063] 
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^^tLXiSiSi 266nm <Db— +P— pfe$fflL^. 2 

m^^LxA^n 60° .if-At/tmoi^mn 

120° X'XmmxmUbLtco 



[0064] 

m^'^(DB^mit. 150° > lo wx' 1 mruM 

M^tamnmW:. SOOnm <Di^9\-i/fQ±m 
^3fe(BBttg:lwW )L, $blC450 degC -^30 



[0065] 

m<D Depth Profile ^ XPS MMlzMMMLfz, 
■eroi^m. !lltg|Ji4<7)mi¥:&lfill::S»iW^i:7 

m<Dmmij[snztmmm^^^M^X't^zt 



(HiSHJlJ 7) 
[0066] 

^»14=&^#Rllf*i:LTCD Pt(AA): -y-T 

•»a+-9->iz**Lr iowt%a>iii^T*il^L, 
ca);i^%i$Hi/x>izj§jBL-ch;ux:/?gjS$ 

[0067] 

e/'j=i>sffi±izji^ 0.7 fi m <D^m^^ 
^L. 100 deg c V 1 »sgjpia-r*cticj:y 

;-t«^K5*LTlilifKj 0.1 A/ m (DS^feli^ftS 
[0068] 

tfSJLfc^jfelC: 0.5/im ro^'T^T^KX^- 
X/^^— :/(7):'^h^X^7^fflL^r;Sfi SOOnm 
a)S^?1«3t$B§W(!ig|tg:lW/cm' )LTs;l«i^ 
miULtz. 

[0069] 

S«!A<JKJ«*tvfciE3tJBl*, 150 deg 

.<..') — . an 4^ .dW j.^ dtA I.C3 t o «_ . ^ wr* 



Making use of laser light of wavelength 266 nm as light 
source, incidence doing the beam light of dual shaft with 
incident angle 60 deg and cross angle 120 deg of the beam 
optical axis from both surfaces of respective photosensitive 
layer vis-a-vis substrate, itexposed. 

Furthermore, lighting spot diameter made approximately 
100;mum. 

[0064] 

1 50 deg, 1 hour vacuum heating and drying it did 
photosensitive layer after exposing, with 10 <sup>-2torr. 

After vacuum heating and drying, entire surface exposure 
(irradiation dose:l W/cm^ ) it did with ultraviolet light of 
wavelength 300 nm,fiirthermore 30 min heated with 450 deg 
C. 

[0065] 

Depth profile of aluminum element in irradiated site of film 
which it acquires wasmeasured due to XPS measurement . 

As a result, change of periodic aluminum element content was 
observed by film thickness direction of the irradiated site, can 
form refractive index distribution understood even in film 
thickness direction of the photosensitive layer 

(Working Example 7 ) 

Regarding this working example, fine pattern was formed 
with surface imaging method . 

[0066] 

It mixed at ratio of 10 wt% vis-a-vis poly diiso professional 
/K+V siloxane, Pt as sublimed organometallic complex 
(AA ) <sub>2 , as silicon polymeric compound meltedthis 
blend in toluene and manufactured toluene solution. 



[0067] 

On one hand, it formed crosslinking novolak resin film of 
film thickness 0.7 ;mu m on silicon substrate,on this resin film 
coating fabric did aforementioned toluene solution with the 
spin coating method , removing solvent by 1 min extent 
heating, with 100 deg C itproduced photosensitive layer of 
film thickness approximately 0.1 ;mu m. 

[0068] 

Irradiating ultraviolet light of wavelength 300 nm to 
photosensitive layer which it producesmaking use of 
photomask of line and space pattern of 0.5;mu m, (irradiation 
dose: I W/cm^ ), it formed latent image. 

[0069] 

photosensitive layer where latent image was formed, 1 hour 
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fee 

{mmm 8) 

[0070] 

^mmm^mmi^tLxcD pkaa)^ y-r 

vv.P+^t>(::>E^LT lOwt%(7)»J^r';g^L. 
?#b*ifch;ux>jt;'aE^**^x««±(cxe:/=i 

-x^>^)ifZ<*:or^^L. 100 deg C TM ^J^ 
[00711 

Sgn3fe^SBW(BS«M:lwW )Lr.^«*]K 
[0072] 

Mm^m^^tifzmtftmit. iso deg c. 



{mmm 9) 

m 20nm)^X+-vEP»l;£(ZcfcoTJi^ 1 // m 

pt(AA)2 ^^M^-^xm%m^mf&Ltzo 



vacuum heating and drying doing with 150 deg C> 
10'^torr,formed pattern. 

dry etching treating thin film which this pattern formation is 
done with reactive ion etching which uses chlorine gas, 
novolak resin film it did microfabrication. 

As a result, novolak resin film patterning is done with line and 
space ofapproximately 0.5 ;mu m, it was possible . 

(Working Example 8 ) 

Regarding this working example, fine metallization pattern 
was formed. 

[0070] 

It mixed at ratio of 10 wt% vis-a-vis poly diiso professional 

V siloxane, Ft as sublimed organometallic complex 
(AA ) <sub>2 , as silicon polymeric compound meltedthis 
blend in toluene and manufactured toluene solution. 

On glass substrate coating fabric it did toluene solution which 
it acquires with spin coating method , removing solvent by 1 
min extent heating, with 100 deg C itproduced photosensitive 
layer of film thickness approximately 1 ;mu m. 

[0071] 

Irradiating ultraviolet light of wavelength 300 nm to 
photosensitive layer which it producesmaking use of 
photomask of line and space pattern of 5;mu m, (irradiation 
dose: 1 W/cm^ ), it formed the latent image. 

[0072] 

photosensitive layer where latent image was formed, 1 hour 
vacuum heating and drying doing with 150 deg 
1 0"^ton,formed pattern. 

Soaking thin film which this pattem formation is done, in 
nickel no electric field plating bath, when itprecipitated nickel 
thin film of film thickness 1 ;mu m to pattem part rank 
whichcontains Ft, satisfactory nickel electrode pattem was 
formed. 

(Working Example 9 ) 

First, on glass substrate with squeegee printing method 
coating fabric doing silica fine particle (average particle 
diameter approximately 20 nm ) in thickness 1 ;mu m, it 
formed porous film, Ft (AA ) <sub>2 adsorbed into this 
porous film and formed photosensitive layer. 

In this way, other than using photosensitive layer which is 
acquired, when the pattem formation was done to similar to 
aforementioned Working Example 8, thesatisfactory nickel 
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[0073] 

[0074] 
[gH] 

S^btxSfBTffililo 
[02] 

(zat^-rxSBriiElo 
[g|3] 

:$i^m(Dij}i\z^^mf^ititz^mm^/<^- 
yo-m^mAmzmt^tmmmo 

2 
2a 

2b 

3 

4 



electrode pattern was formed. 
[0073] 

[Effects of the Invention] 

As above explained, according to this invention, method 
which can form optical waveguide and photo nick band^ 
interference mirror or other refractive index distribution of the 
inorganic type to which propagation loss is small, is superior 
in heat resistance, metal oxide thin film pattern simply forms 
and composition for pattern formation which is used for this 
areoffered. 

[0074] 

As for this invention, be able to use for quite ideal even in 
surface imaging method and metallization pattern formation 
etc which are used for semiconductor micro fabrication 
process, industrial value istremendous. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

step sectional viewo which displays one example of pattern 
formation method of this invention in the schematic 

[Figure 2] 

step sectional vieWo which displays other example of pattern 
formation method of the this invention in schematic 

[Figure 3] 

sectional view© which displays one example of metallization 
pattern which wasformed by method of this invention in 
schematic 

[Explanation of Symbols in Drawings] 
1 

substrate 
2 

photosensitive layer 
2a 

exposed part 
2b 

unexposed part 
3 

mask 
4 

exposure light 



Page 27 Paterra Instant MT Machine Translation 



JP2000009955A 



2000-1-14 



7 
9 

Drawings 
[03] 







-^9 




* c. 







~2b 



sublimed organometallic complex 
6 

Suffering processing thin film 
7 

plasma 
9 

metallization pattern 



[Figure 3] 



[Figure 1] 
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[Figure 2] 
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